The essential oil composition of the leaves, stem, flowers and roots of Ligusticopsis wallichiana (DC.) Pimenov & Kljuykov were analyzed by GC-FID and GC-MS methods. Forty-five constituents, forming 93.2%-97.8% of the oil compositions, were dominated by acetylenic (31.5%-92.8%) compounds and sesquiterpenoids (0.3%-44.4%). The leaf essential oil was mainly composed 3,5-nonadiyne (35.8%), β-selinene (20.9%), α-funebrene (10.1%) and (Z)-falcarinol (6.1%). The stem oil was dominated by acetylenic compounds (73.8%) represented by 3,5-nonadiyne (67.8%) and (Z)-falcarinol (5.7%). On the contrary, the major components of the flower essential oil were sesquiterpenoids (37.5%), such as germacrene D (16.6%), α-funebrene (7.4%), and acetylenic compounds (31.5%), such as (Z)-falcarinol (21.0%) and 3,5-nonadiyne (10.0%). Monoterpenoids constituted 23.9% of the flower oil with limonene (19.9%) as the single major constituent. The essential oil of the roots was dominated by 3,5-nonadiyne (90.5%). The results showed considerable qualitative and quantitative variations in the essential oil compositions of the different plant parts of L. wallichiana. (Z)-Falcarinol (1.9%-21.0%) and α-funebrene (0.1%-10.1%) were reported for the first time from the essential oils of L. wallichiana.
, family Apiaceae, commonly known as 'BHUTKESH', is an aromatic herb, widely distributed in the Himalayan region (Kashmir to Bhutan), Tibet and China at the elevation range of 2700 to 4200 m. It is used in various Ayurvedic and homeopathic formulations. Traditionally, the root decoction is used for the treatment of diarrhea, cold, cough, fever, stomach ache and vomiting [1a-1d] . Coumarins and acetylenic metabolites have been isolated and identified from the roots and aerial parts of L. wallichiana [2a-2e] . The root essential oil was shown to contain limonene, elemol, terpineol, geraniol and eudesmol [2c]. 3,5-Nonadiyne (89.7%) was reported as the major constituent of the root essential oil of L. wallichiana, whereas 3,5-nonadiyne (65.4%) and ß-eudesmol (7.2%) were the major components of the leaf essential oil [2d,2e] . So far, only the leaf and root essential oils of this species have been investigated, whereas it is the stems and flowers which are used traditionally for their stimulant and carminative properties; were so far not examined. Hence the present study was undertaken to study the essential oil composition of different plant parts, viz. leaf, roots, stem and flower, of L. wallichiana from Uttarakhand, India.
The fresh plant parts, viz. leaves, stems, flowers and roots of L. wallichiana, yielded 0.30%, 0.20%, 0.50% and 0.45% (v/w) of essential oils, respectively. GC-FID and GC-MS analyses of the oil enabled the identification of 45 constituents, forming 93.2%-97.8% of the oil compositions (Table 1 ). The leaf essential oil was mainly composed of sesquiterpenoids (44.4%) and acetylenic compounds (42.2%). β-Selinene (20.9%), α-funebrene (10.1%) and (E)-βfarnesene (4.9%) were the major sesquiterpenoids identified in the leaf essential oil; while 3,5-nonadiyne (35.8%), (Z)-falcarinol (6.1%), and (E)-2-nonen-4-yne (0.3%) were identified as the major acetylenic compounds. The stem oil was dominated by 73.8% of acetylenic compounds, represented by 3,5-nonadiyne (67.8%) and (Z)-falcarinol (5.7%). Other constituents identified in significant amounts were limonene (6.6%), (E)-β-farnesene (2.8%), germacrene D (2.4%), α-pinene (2.4%) and (E)-β-ocimene (2.3%). On the contrary, the flower essential oil of L. wallichiana was dominated by sesquiterpenoids (37.5%), with 32.3% hydrocarbons and 5.2% of oxygenated constituents. Germacrene D (16.6%) and α-funebrene (7.4%) were the major sesquiterpenoids, and (Z)falcarinol (21.0%) and 3,5-nonadiyne (10.0%) the major acetylenic constituents; 19.9% of limonene was also present. 3,5-Nonadiyne (90.5%) was the single major constituents of the root essential oil.
Acetylenic metabolites have a taxonomically interesting distribution pattern in families such as Apiaceae, Asteraceae, Araliaceae, Campanulaceae, and Pittosporaceae, and are associated with various physiological roles [3a-3c] . 3,5-Nonadiyne is distributed in a very limited number of genera. This compound was found to possess significant antifungal activity, as well as the ability to inhibit in vitro endogenous nitric oxide release [2d-2e, 4a-4b] . Polyacetylenes of the falcarinol-type have been shown to possess significant antiinflammatory, antiplatelet-aggregatory, cytotoxic, stimulant, and carminative properties, along with significant antitumor activity [5a-5e] . The presence of significant amounts of (Z)-falcarinol and limonene in the aerial parts (fruits, leaves and stem) might be responsible for the stimulant and carminative use of these parts of L. wallichiana [2e]. (Z)-Falcarinol (1.9%-21.0%) and α-funebrene (0.1%-10.1%), along with various other minor constituents were reported for the first time from the essential oils of L. wallichiana.
Experimental
Plant materials and extraction of essential oils: Leaves, roots, flowers and stems of L. wallichiana were collected from Kilbari, Nainital of Uttarakhand, India. The materials were authenticated in the botany department and voucher specimens have been deposited in the Herbarium records of CIMAP Research Centre, Pantnagar. Essential oils from the different plant parts (100 g, each) were isolated by hydro-distillation using a Clevenger-type apparatus for 3h. The oils were collected, measured, dried over anhydrous Na 2 SO 4 , and stored in sealed vials under refrigeration prior to analysis.
Analysis of essential oils:
The GC analysis of the oil samples was carried out on a Nucon 5765 gas chromatograph with a flame ionization detector (FID) and equipped with a DB-5 column (30 m  0.25 i.d., 0.25 µm film thickness) using hydrogen at 1.0 mL/ min. Temperature programming was from 60 o C-230 o C at 3 o C/min. The injector and detector temperatures were set at 220°C and 230°C. The injection volume was 0.02 µL neat or 0.1 µL in n-hexane; split ratio was 1: 40. GC-MS analysis was carried out on a PerkinElmer AutoSystem XL GC interfaced with a Turbomass Quadrupole mass spectrometer fitted with an Equity-5 fused silica capillary column (60 m  0.32 mm i.d., film thickness 0.25 µm; Supeleco Bellefonte, PA, USA). The oven column temperature ranged from 70-250°C, programmed at 3°C/min with initial and final hold times of 2 min, using He as carrier gas at 10 psi constant pressure, and a split ratio of 1:30. Injector and source temperatures were 250°C; ionization energy 70 eV and mass scan range 40-450 amu. Identification of constituents was based on the retention time and Retention Index (RI, determined with reference to a homologous series of n-alkanes (C 9 -C 24 , Aldrich) under identical experimental conditions), a mass spectral library search, and by comparing with mass spectral literature data [6] .
